3 tax but at the same time profits from the reimbursement scheme. As a consequence, a net transfer to the energy-intensive export sector results.
Intuitively it can be expected that such a tax reform favors the exempted sector, which will expand at the cost of other sectors. Furthermore, since the exempted sector is energyintensive, the possibility arises that due to structural changes the tax reform can even lead to an increase in total energy use. However, this intuitive explanation does not consider endogenous factor price changes and implicitly assumes a reduction of labor taxes to lower the producer price of labor. It is the goal of this paper to take into account factor price adjustments by applying a general equilibrium model and to compare the results with a tax reform that does not discriminate between sectors. It is shown that, despite the labor tax cut, the producer price of labor increases in both scenarios and, as a consequence, the tax burden is shifted to the foreign household. As a result of this tax incidence both scenarios are equivalemt with respect to structural changes and total energy use.
The general equilibrium model used in the paper is a two sector two factor open economy model. This model type has often been applied since it was introduced by Harberger in 1962.
Interestingly though, it has not yet been used to analyze environmental tax reforms. While Bovenberg and de Mooij (1994a) , in their well known paper on the double dividend, and Bovenberg and van der Ploeg (1994a) introduce only one factor, Bovenberg and de Mooij (1994b) as well as Bovenberg and van der Ploeg (1994b) use only one sector.
Besides that a large number of models exist that analyze environmental tax reform in a computable general equilibrium (see, for example, Ballard and Medema (1993), Goulder (1995a) , Boyd, Krutilla and Viscusi (1995) , Bovenberg and Goulder (1996) or Parry, Williams and Goulder (1999) ). These models all incorporate many sectors and several factors, but they do not, with the exception of Böhringer and Rutherford (1997) 7 , address the topic of discriminating factor taxes within an environmental tax reform.
The structure of the paper is as follows: Section 2 introduces the model and derives its reduced forms for all prices and quantities. Section 3 discusses the results and explains why an equivalence of the exemption strategy with a general tax reform occurs. Section 4 extends the model and analyses the sensitivity of the results to model assumptions. Finally, section 5 concludes.
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The following model incorporates all features required to analyze a differentiated energy taxation of the export and domestic sector. Otherwise the model is kept as simple as possible.
Figure 1: The structure of the model Figure 1 shows the structure of the model. There are two sectors producing exclusively for the domestic or the export market respectively. Each sector uses the two factors labor and energy.
While labor is supplied by the domestic household alone, all energy is imported. Therefore, on the factor level, the domestic household trades energy (in the domestic good) with labor (in the exported good). Government transfers the energy tax yield back to labor. Table 1 gives a mathematical description of the model in levels.
Production:
Two representative firms in the sectors d (domestic) and f (foreign) produce at constant returns to scale (I.1). The implicit factor demand functions in (I.2) and (I.3) follow from profit maximization. The non-profit condition (I.4) is guaranteed by the assumption of perfect competition. The producer prices for the two factors labor and energy each include a quantity tax rate. While the tax rate on labor is equal across sectors (I.5), the tax on energy can vary (I.6). 
3URGXFWLRQ
Production-function
Trade balance The domestic household consumes the domestic product alone (I.7) while it supplies labor at a given quantity which gives rise to the budget constraint (I.8). With such a formulation of the model, the analysis of excess burden in the labor market is excluded. However, the present paper does not focus on labor market distortions but on structural adjustments between sectors and on total energy use.
International trade:
The demand of the exported commodity depends on the commodity price (I.9). This implies a rather specialized export commodity since its price is not given by the world market. Such an assumption is plausible for highly developed small countries that sell differentiated products such as cars or machinery 8 . On the other hand, energy is treated as a homogenous factor that is traded worldwide at a given price. With other words, the small country assumption holds on the import but not on the export side which allows terms of trade to vary. The trade balance (I.10) follows from Walras' law.
Government:
To keep the model simple all tax rates in the benchmark are set to zero. The government, therefore, does not supply any public good (I.11). Given the assumption of an exogenous labor supply such a formulation is equivalent to a benchmark with existing labor taxes financing a fixed amount of a public good. To start with no energy taxes, on the other hand, is a more severe restriction which is discussed below.
In the counterfactuals government only transfers energy tax income to labor. The tax reform therefore describes an introduction of taxes and subsidies rather than an increase and corresponding decrease of existing taxes.
In order to derive reduced forms for a marginal change in energy taxes the model is loglinearized. Table 2 presents the model in relative changes (denoted by a tilde except indicated otherwise) around an initial equilibrium. To further simplify the analysis quantities are normalized such that all prices are unity 9 .
7 Table 2 :
Exported good demand
Trade balance
10 Note that this equation is redundant.
Parameters:
L σ : substitution elasticity in sector i ε : price elasticity of foreign commodity demand Shares: No exemption Exemption
From the results of table 3 an equivalence of the two scenarios with respect to domestic and exported commodity demand and total energy use can be derived. Formally, this equivalence is evident from the fact that the elasticities of the three variables G < ,
I
< and ( in the two tax scenarios differ only by a constant factor. Equation (1) presents this factor, which depends on the cost shares and the substitution elasticities in production but not on the price elasticity of the demand for the exported good.
11 See the appendix for the deriviation of the reduced forms 
If we set the exogenous energy tax rates ( H W ) and ( H W ) such that their ratio equals the calculated factor in equation (1), the same relative changes G < , < and ( result with both tax reforms.
The explanation for this equivalence is that, with respect to the three variables G < , < and ( , the two scenarios are again equivalent to a change of the producer price of labor 3 . Looking first at the scenario with exemption, it can be seen from the budget constraint (II.6) in table 2 that domestic commodity demand G < solely depends on the real after-tax wage rate (denoted
The r.h.s. of equation (2) explains why the energy tax rate has no direct effect on the real after-tax wage rate and, therefore, on domestic commodity demand. It shows that the price increase of the domestic commodity due to the energy tax ( G H α − ) is exactly offset by the raise of the nominal wage rate ( G H α + ). The domestic household pays the energy tax on the consumption side but the tax yield is fully redistributed to the household on the factor side.
Note that in a model with no existing taxes, the imposition of a marginal tax does not create a tax-base effect. Therefore, the additional consumer expenses correspond to the additional tax yield which, in the present model, is redistributed to the household 12 . Hence, since the energy tax has no direct influence on domestic commodity demand but only an indirect effect through the producer price of labor, the scenario with tax exemption is equivalent to a corresponding change of the labor price. This equivalence is not restricted to domestic commodity demand but also includes demand for exported commodity and total energy use. The reduced forms in table 3 for < and ( show that they are only determined by the producer price of labor.
While the demand for the export good depends on the nominal price of the good, which, in 10 turn, is a function of the labor price alone, total energy demand is restricted by supply and price of the export good alone (see (II.8) in table 2).
The equivalence between the tax exemption scenario and a change of the labor price holds for the three variables G < , < and ( . However, it does not apply to the sector-specific variables L / and L ( , since factor price ratios in the tax scheme with exemptions and with an altered labor price respectively are not equal.
The scenario without exemption, on the other hand, is fully equivalent to a labor price change.
If we normalized prices such that the energy tax rate would be zero, the tax reform without exemption would consist of a labor price change only. Instead of changing the producer prices of both factors, the same real effects are achieved when changing the price of one factor at a corresponding rate.
Thus, with respect to ( , G < and I < both tax scenarios can be represented by a change of the producer price alone. Therefore, the same real effects result if we set the energy taxes at corresponding rates.
6WUXFWXUDO &KDQJHV DQG 7RWDO (QHUJ\ 8VH
When discussing the impact of the energy tax reform, the three variables ( , G < and I < are of major concern. The change of total energy use stands for the ecological effect of the tax reform and its so-called first dividend 13 . The second dividend, on the other hand, is
represented by the change of domestic commodity demand, which, according to (I.7) in table 1, exclusively determines utility. Within the present model, a second dividend might occur since terms of trade vary and therefore, part of the energy tax burden can be shifted abroad.
Since environmental quality is not an explicit argument in the utility function of the model, the two dividends cannot be integrated.
Finally, the size of the export sector has, in a comparative static model without transaction costs, no direct welfare implications but, nevertheless, is politically most relevant. As the political experience with green tax reforms clearly shows, the export sector opposes the reform when it expects to loose market share. 13 The different dividend terms are discussed by Goulder (1995b) .
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Because of the equivalence of the two tax scenarios exemption and no exemption with respect to ( , < , and < , the impact on the variables can be analyzed with one scenario only. Since the formulas for the exemption case are more simple, this scenario is chosen.
First we look at the impact on the producer price of labor in the last column of table 3. The different terms of the elasticity in table 3 represent the output and substitution effects of factor price changes on labor demand. To clarify this point, equation (3) restates the labor market equilibrium with the factor price changes 3 and W :
As explained above, the energy tax increase has no direct output-effect on the domestic commodity and, as a consequence, on labor demand. Therefore the nominator of the elasticity in the second column of table 3 (the last term on the l .h. s. of equation (3)) only includes the substitution effect due to an energy tax increase. The denominator, on the other hand, lists all the effects on labor demand due to the producer price change of labor. Of the four terms in the denominator, only the first (
) is positive, describing a positive output-effect in the domestic sector when real income of the domestic household rises. The three remaining terms are all negative, representing a negative substitution effect in the domestic sector as well as negative output-and substitution effects in the export sector, respectively. If we plausibly assume the three negative effects to outweigh the positive effect, i.e. an increase in the producer price of labor decreases labor demand 14 , then the denominator is negative and the producer price of labor increases due to the energy tax reform.
A higher producer price of labor, in turn, increases the nominal wage rate as well as the price of both commodities. Since the price on the export commodity is paid by foreigners, the real wage of the domestic household and, as a consequence, domestic commodity demand increases. As a result, within the present model, an energy tax reform with or without exemption yields a second dividend, provided an increase in the producer price of labor decreases labor demand.
The resulting second dividend can also be explained with a terms of trade effect. In the scenario with exemption a higher labor price increases the price of the export good and, since the price of imported energy is fixed, improves the commodity terms of trade.
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Of course, the higher price of the export good lowers export demand. Therefore, even in the scenario that exempts the export industry from energy taxation, the industry loses international competitiveness due to the higher producer price of labor 15 .
The trade balance (II.8) in table 2 allows to derive easily the conditions for total energy use.
Eliminating < in the trade balance using the demand for the exported commodity (II.7) yields:
And with 0 >
<I
3
we have the following relationship between changes in energy use and the price elasticity of foreign demand:
With an elastic demand of the export good the proceeds from selling the good abroad decrease and less energy can be imported, with an inelastic demand more energy can be bought. Table 4 gives an overview of the impact of the tax reform on the three variables < , I < and ( . Table 4 : Overview on the Results If leisure is included in the household utility function total labor supply is no longer exogenous but a function of the real after-tax wage rate. With a positive wage elasticity of labor supply an outward shift of labor demand would not just increase the wage rate but also total labor input. However, with the rather small -uncompensated -wage elasticities of labor supply that are known from empirical studies 17 the price effect would still be much larger than the quantity effect. Therefore, the results of the simple model would not be changed substantially.
The influence of labor supply on structural changes between the domestic and export sector as well as on total energy use seems to be more interesting if a Keynesian view is adapted and the nominal wage rate is fixed. With such an assumption, the adjustment in the short run can be analyzed. When the nominal wage rate is exogenous, the producer price of labor falls in both energy tax scenarios. As a consequence, in the scenario with exemption of the export sector, the commodity price also falls and leads to an expansion in production of that sector 18 .
In the scenario without exemption, on the other hand, the export sector loses market share as the energy tax raises prices more than the labor subsidy lowers it. Note that this result, in contrast to the original model, now depends on the energy-intensity of the two sectors.
Equation (6) 
&RQFOXVLRQ
This paper has analyzed the effects of an environmental tax reform when the energy-intensive export sector is exempted from paying the energy tax while, at the same time, it still profits from the redistribution of the tax revenue. With a simple model, an equivalence with respect to the output in the two sectors and total energy use between a tax reform with and a reform without exemption has been derived. The explanation of this outcome is that, in the scenario without exemption, the energy tax has no direct effect on the consumption of the domestic commodity because the energy tax revenue is redistributed to the domestic household. With other words, the price increase due to the energy tax is fully compensated by an increase of the nominal after-tax wage rate such that the real wage rate is not affected. Hence, in the domestic sector, the discriminating energy tax only induces a factor substitution effect, which, ceteris paribus, increases labor demand. With fixed labor supply, this in turn increases the producer price of labor.
A higher producer price of labor, subsequently, raises the price of the exported commodity which leads to a reduction of output in the export sector. Although the scenario with exemption aims to exclude foreign consumers from the tax in an attempt to support the export sector, tax incidence across the wage rate shifts the tax burden fully abroad. The domestic household, on the other hand, profits from an increased real after-tax wage rate, since the discriminating energy tax is fully redistributed and part of the higher labor price is paid from abroad.
While the structural change induced by such a tax reform, i.e. an expansion of the domestic sector at the cost of the export sector, only depends on the plausible assumption that a higher labor price reduces labor demand, the effects on total energy use crucially depend on the price elasticity of export commodity demand. As the energy price is fixed and export is reduced, an elastic demand reduces export proceeds and consequently energy imports. An inelastic demand, on the other hand, increases revenues from abroad allowing more energy to be 20 The condition for energy use in the domestic sector to rise is
imported. As a result, the first dividend of the green tax reform, i.e. the reduction of energy use, occurs in the present model only with elastic demand. Due to the equivalence between the tax schemes with and without exemption, this result also applies to a comprehensive environmental tax reform that does not exclude any sector.
The tax incidence from the domestic household to foreign consumers only applies in a model with flexible factor prices, which applies more to the long-run. However, in a Keynesian model with fixed nominal factor prices an incidence across the wage rate cannot occur and the two tax scenarios are not equivalent. While the energy-intensive export sector again loses market share in a scenario without exemption it expands when it is excluded from the energy tax.
The discussion of model extensions in the last section shows that the derived results apply to the long-run, to an economy where the export sector sells most of its production abroad and to a situation with no or only small existing energy taxes.
$SSHQGL[ 'HULYLDWLRQ RI 5HGXFHG )RUPV
To derive the reduced form for the producer price of labor in the scenario with exemption we first eliminate commodity prices in the demand functions using the non-profit conditions (II.3) in table 2.
( ) ( )
